inducing benefits in jump and sprint tests for elite young football players. Fitness coaches and 28 sports scientists could integrate their training plans with the protocols described in this study. 29
Introduction 33
In football, the requirement for frequent changes in the type of movements (e.g., 34
walking, running, sprinting, jumping, tackling), speed (e.g., accelerations, decelerations), 35 direction, and technical tasks features the activity profile as intermittent in nature 1-3 . Briefly, 36 high-intensity running and sprint-type activities are considered to be crucial determinants for 37 successful performance 4 . Previous analyses showed that outfield football players cover 38 distances of between 10 and 13 km during the matches 3 . Of these, 8% to 12% were 39 represented by high-intensity running or sprinting, with inter-player differences occurring due 40 to the specific playing role 3 . Based on the multifaceted nature of physical requirements in 41 football, several methods have been developed to improve players' fitness parameters such as 42 endurance, strength, power and speed 5,6 . 43
During a football match, muscle power and strength are critical physical factors for 44 successful participation 2,7 . Plyometric activities are widely implemented as training 45 methodology for enhancing functional sports performance 8 . Plyometric training generally 46 involves bounding exercises (e.g. multiple jumps), as well as high-impact exercises (e.g. drop 47 jumps) [9] [10] [11] . Previous studies found that a combination of vertical and horizontal plyometric 48 exercises offer practical advantages compared with methods that involve a single directional 49 component (e.g. only vertical or horizontal jumps) 6,12 . These conditioning activities, eliciting 50 improvements of the mechanical muscle properties (i.e. strength, power and rate of force 51 development) that cover a great functional role for most of the demanded movements of a 52 football match, which may have a critical impact of the match physical performances such as 53 sprinting, change of directions (COD), side cutting, throwing and fights situations 4,10,13-15 . 54
The literature suggests that the plyometric training effects may depend on several key 55 variables, including: the volume, the frequency, and the duration of the protocol, as well as 56 the period of the season and the subjects' fitness characteristics [16] [17] [18] . Training variables 57 football players 19 . However, despite the popularity and wide appeal of plyometric training, 59 few published studies have employed a randomised trial design involving elite young players. 60
Although several studies have analysed the plyometric training-induced effects with a 61 frequency of 2-3 times a week (effect size (ES) from 0.26 to 2.8), few of them provided 62 evidences supporting an equal efficiency of similar training programs implementing lower 63 training frequency such as one training session a week 10 . It seems reasonable to investigate 64 the effects of plyometric training programs of different volume considering that, at elite youth 65 level, a very limited time can be dedicated to specific physical development due to the 66 congested matches fixture (e.g. national and international tournaments) and associated travels 67
. 68
To date, evidences about the effect of a single plyometric session a week are limited, 69 and few are the randomised trial involving elite young players 21, 22 . Moreover, no data are 70 available regarding comparisons between the magnitude of the effects of a single plyometric 71 session a week compared with a higher training volume (twice a week). Therefore, the aim of 72 this study was to compare the effects of two 8-week plyometric training programs including 73 either a single or two sessions a week, on the on jump, sprint and COD abilities of young elite 74 football players during the pre-season period. 75
76
Methods 77
Participants 78
Twenty-three youth football players (elite academy, Switzerland) were considered 79 during the enrolment process. Only outfield players were included (two goalkeepers were 80 excluded). Therefore, twenty-one participants were included in the current study (mean ± SD; 81 age 17 ± 0.8 years, weight 70.1 ± 6.4 kg, height 177.4 ± 6.2 cm). All participants were 82 according to the Declaration of Helsinki for human studies. 86
87
Design 88
This study used a randomised pre-post parallel group trial design. The randomisation 89 was performed according to a computer-generated sequence. The participants were then 90 assigned to either a low-volume plyometric training group (LPG = 10 participants) or a high-91
volume plyometric training group (HPG = 11 participants). Nineteen participants completed 92 the study, while two participants (one for each group) dropped out due to contact injuries not 93 associated with the protocol execution. Every player was considered for the final statistical 94 analysis (intentional to treat analysis). CONSORT participant flow is reported in figure 1 23 . 95
Considering the players' level, the period of the season, the proximity to international 96 tournaments, and the necessity of elite players to maximise their performance, the 97 investigators took the decision to randomised the sample in two training groups without any 98 control group. The duration of this study was 8 weeks. Training protocols, as well as the 99 baseline tests and post-training assessments, were performed before the beginning of the 100 official season (from August 2017). Players were familiarised with the testing procedures 101 because it was part of the fitness test routine of the club. During this study, the team 102 performed 4 training session a week as team practices as well as an official match every 103 Saturday (Friday and Sunday were days off). 104
The participants replicated the same tests 3 times, with an adequate recovery among 107 the trials and the best scores in every test were used for the data analysis. A long jump test 108 was utilised to evaluate the ability in horizontal non-rebounding jumping task. A single-leg 109 triple hop distance test (triple hop test) was performed with both the legs to evaluate the 110 performance in rebounding jump ability 24 . Players performed 3 consecutive maximal hops 111 forward with the same limb. Arm swing was allowed. The intraclass correlation coefficient 112 (ICC) of this test was 0.95. Sprint 10, 30 and 40 m were performed to evaluate players' 113 improvements in sprint ability. For this purpose, infrared timing gates (Microgate, Bolzano, 114
Italy) were placed at the start and each of the mentioned distances. 505 COD test was utilised 115 to evaluate improvements in the COD ability 25 . On the "Go" command, the subjects were 116 instructed to sprint for 15 m (through the timing gates at 10 m), turn on their preferred foot, 117
and sprint back through the timing gates. The validity and specifically of this test was proved 118 previously in football 25 . However, between-group analysis did not report any statistical difference: long jump (F = 148 1.118, p = 0.304), triple hop test right (F = 1.576, p = 0.225), triple hop test left (F = 0.388, p 149 = 0.541), 10 m sprint (F = 0.666, p = 0.425), 30 m sprint (F = 0.627, p = 0.439), 40 m sprint 150 (F = 3.50, p = 0.078) and 505 agility (F = 0.706, p = 0.412). The outcomes found in the current study are particularly interesting since pertaining to 173 elite academy athletes. Elite players are accustomed to performing specific sport related 174 actions, thus, improvements in their fitness capabilities are much harder to achieve when 175 compared with other populations (e.g. amateurs) 31 . This could explain the meaningful but 176 generally small effect found in this study (table 2). The players enrolled in this study have a 177 training frequency of 4 times per week and played once a week (every Saturday). This 178 training volume is lower than that reported in previous investigations performed with 179 professional football players, therefore the positive effects found in this study could be likely 180 smaller whether a senior professional sample (accustomed to higher training volume) would 181 have been involved 10 . Therefore, once plyometric training session per week could not have 182 been sufficient to elicit such adaptations in a different sample (e.g. senior professional 183 players). 184
As reported above, both LPG and HPG showed improvements in the post-training 185 tests. Nevertheless, we have not found any significant between-group difference following the 186 protocols. However, HPG had a beneficial effect on 505 COD test (p = 0.039), while LPG did 187 not report meaningful results (p = 0.197). Therefore, this study highlight that a higher 188 plyometric training volume could not be advantageous than a lower one with elite academy 189 players in pre-season (also if it is plausible from a theoretical point of view) 30 Future studies could replicate this protocol to confirm our findings. Another limitation that 198 should be considered is that the adopted research design, including a homogeneous group of 199 youth football players and the lack of an additional parallel control group, may limit the 200 opportunity to make broader generalizations to other populations represented by different age 201 groups or athletes of different levels or gender. Therefore, wider generalisation cannot be 202 inferred and the results could not be extended to other specific populations (e.g. professional 203 male and elite female players). 204
Conclusions 206
This study supports previous findings suggesting that one plyometric training session a 207
week may provide a sufficient training-dose leading to meaningful improvements in jump and 208 speed parameters in elite young football players 12,29 . Both LPG and HPG are effective 209 training modalities inducing benefits in jump tests, as well as in 10, 30 and 40 m sprint tests 210 for elite young football players. Fitness coaches and sports scientists could integrate their 211 training plans with the protocols described in this study. Due to the lack of statistical 212 difference between LJG and HJG, authors recommend using a low plyometric training 213 volume equivalent to 80-100 jumps a week during the pre-season for improving jump, 214 sprinting and COD abilities in elite young football players. Future studies are needed to 215 confirm the results of this study. 
